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1)1  TOXIl  K A TION  01  WAR  (.AS  IDI  NTIHCATION  SITS  ( ONTAININf. 
CHARCOAL  iMPRI.C;NATi;n  WITH  CHI  MIC  AL  ACT  NT 


I.  INTKUDUC  MON. 

A.  Bill,  k (iron  ml. 

Disposal  r ngim.'cri»ti  Divisit)n  has  been  laskctl  with  the  disposai  ot  obsolete  war  gas 
Rlentilkatioii  sets  at  Johnston  Islam!,  Inclmled  with  these  sets  will  be  approximately  94  Navy  sets 
(Ml  X-sets  and  13  K955  sets!  wliieh  eonsist  ol' agent  impregnated  or  adsorbed  on  ehareoal  which  are 
planned  to  be  collocated  to  Johnston  Island  from  other  OCONUS  sites. 

The  X-sets  are  contained  in  a wooden  box  with  a hinged  cover.  The  box  17-1  /2  wide  by 
ib  lone  by  1 !-3,'4  inclres  high  i 190.5  by  406.4  by  298.5  mm)l  i.s  divided  into  two  compartments. 

In  each  compartment  is  a can  4 inches  ( 101 .6  mm)  in  diameter  and  4-5/8  mchc.s  (1 1 7,5  mm  ) high 
Mirrounded  In  packing  material.  Inside  each  can  is  a bottle  with  a ground  glass  top.  In  the  X302  set, 
one  bottle  contains  nitrogen  mustard  (HN-1 ) and  the  other  contains  nitrogen  mustard  (HN  2). 

Both  agents  are  adsorbed  in  .3  tJuitl  ounces  (90  ec)  of  activated  charcoal.  In  the  sample  replacement 
sc't.s  (here  are  two  bottles  in  each  set.  but  Iherc-is  only  one  agent  per  set.  Tlie  agenl.s  are  as  foilov's: 

Set 

■X545  C'Ci-siimiiant  (contains  triphosgene) 

.X546  CN  (tear  gas  - ehloroacctophenone) 

X547  MS  (mustard  gas  - H) 

X548  L (lewisite) 

,XS49  DM  (adamsite) 

X550  HN-1  (nitrogen  mustard) 

X551  HN-3  (nitrogen  mustard) 

X5S2  PS  (chloropicrin) 

The  K955  sets  arc  contained  in  a wooden  box  with  a hinged  cover.  The  box  [ 1 5-1  '2  wide 
by  30-3/8  long  by  1 1-3/4  inches  high  (393.7  by  771 .5  by  298.5  mm)|  is  divided  into  eight  sections. 
Seven  of  the  sections  contain  cans  approximately  2 inches  (50.8  mm)  in  diameter  by  4-7/8  inches 
( 1 23.8  mm)  high.  The  cans  are  painted  olive  drab.  The  eighth  section  is  empty.  Each  can  contains 
a ground-glass  stoppered  bottle.  Four  of  the  bottles  contain  3 fluid  ounces  (90  cc)  of  activated 
charcoal  on  which  agent  is  adsorbed.  One  bottle  contains  lewisite  (L),one  contains  chloropicrin 
(PS);  and  two  contain  mustard  (H).  A fifth  bottle  contains  solid  CG  simulant  (triphosgene). 
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11k'  si-ts  witli  IIS  (!!).  1 , IIN-1,  MN-3.  and  PS  each  ct)ntain  0.85  tluid  ounces  (0.025  liters) 
I .leent  per  bvitlle  .ulsorhed  on  ^ tluid  ounces  (90  ce)  ol'aetivated  charcoal.  The  ('( l-siimilant 
I'otlk's  each  contain  1 prams  ol  solid  triphospene.  Hie  bottles  containinp  ( (i-simulunt  will  be 
disposed  of  via  the  chemical  neutrali/ation  reactor  with  caustic  solution  at  Johnston  Island  as  they 
V on'am  no  charcoal  llie  ( N and  DM  are  lu  t classilied  as  lethal  agents  and  are  not  to  be  demilitari/ed 
diinne  the  operation  at  Johnston  Island. 

Prior  to  this  vsork,  a study  was  initiated  by  Chemical  Laboratory,  hdgewood  Arsenal  to 
iinestigate  the  reaction  ol  rmistard  adsorbed  on  charcoal  with  monoethanolamine  (MLA).  It  was 
concluded  that  the  reaction  between  mustard  adsorbed  on  charcoal  and  MEA  did  not  proceed  in 
.iscordance  w ith  pseudo  first-order  reaction  kinetics  and,  under  the  conditions  of  this  test,  all  of 
the  ,ipent  could  not  be  removed  from  the  charcoal  by  chemical  neutrali/ation.  A more  detailed 
dcscru'tic  m ot  this  work  is  in  appendix  A.  based  on  this  study , an  approach  to  detoxify  the  materials 
^o  th.it  the\  would  be  suittible  tor  compliance  with  Department  of  Transportation  (DOT ) guidelines 
I' 'I  traiis|ioi  t.iiion  to  a site  for  ultimate  disposal  was  undertaken. 

B.  Obiectiv. 


I he  objective  ot  this  |iilot-scale  test  was  to  demonstrate  that  the  X-sets  and  the  K955  sets 
could  be  detoxilied  with  Ml. A to  the  extent  that  the  resulting  products  will  pass  a DOT  test  per 
( I k 2 I and  49,  so  that  the  residue  may  be  shipped  for  ultimate  disposal  as  a class  B or  less  poison 

II  I API  KIMi  N'EATION. 


Ibis  work  was  performed  at  APG-Ldgewood  Area  (building  1-5625  Pilot  Plant - 
laboratory  111. 


A I quipment. 

I . I acilities. 

I his  work  was  pertormed  in  an  area  approved  for  toxic  work.  Tliis  laboratory  w as 
ventilated  by  means  ot  a 5000  ft-^/min  exhaust  fan  which  draws  air  through  a C23RI  charcoal  and 
particulate  filter  before  discharging  into  the  atmosphere.  All  liquid  drainage  was  handled  througli 
the  4000-gallon  capacity  toxic  sump.  This  sump  operates  with  an  initial  head  ot  caustic  solution, 
ensuring  the  pM  to  always  be  greater  than  I 2.  The  sump  has  a separate  ventilation  system  which  is 
in  operation  whenever  the  laboratory  (Tilling  plant)  is  occupied.  Whenever  the  sump  reaches  80'  l 
capacity,  the  liquid  waste  is  transferred  to  a 1 0,000-gailon  direct  displacement  tank.  The  sump 
discharge  will  ultimately  pass  completely  through  the  10,000-gallon  efnuent  tank,  then  througli 
a pH  neutralization  process  prior  to  discharge  into  the  sanitary  sewer. 

2-  Items  of  Equipment. 

a.  Drum,  stainless  steel,  1 5-gallon  capacity  with  single  2-inch-dianieter  bung.  The 
drum  was  titted  with  temperature  and  pressure  gauges  as  shown  in  figure  1 . The  bung  was  fitted 
with  a 1 /2-inch  nipple,  ball  valve,  and  M 1 2 filter  as  shown  in  figure  2. 
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h lli>p|H'r  i.oK- s.impler.  1 -iiKli  ili.iiiuMcr 

^ Hill  mill.  H-1  2-iik!i  liiainctci.  '.•ii'''i'-ii> , i k-Ltruall;.  drum! 

d Kolk'i,  dnmi.  adjustable,  clectriLaHy  driven. 

.An  \-sel,  .ilone  with  the  test  eiiuipment.  is  shown  in  t’ltiure  3,  less  hall  mill  and  eore 

s.iinpK’i . 

H IX'seriiition  ot Operation. 

I he  ehareoal  impregnated  with  agent  I'rom  the  Navy  sets  was  added  to  a 15-gallon  stainlesv 
^teel  drum  whieh  contained  6 gallons  of  MKA  as  shown  in  tigure  4.  The  amount  ol  agent  added  is 
stiovr  n in  t,ibk  1 The  mi.x  was  in  the  same  proportion  as  would  he  used  at  Johnston  Island.  .Alter 
the  ,.gent  was  added  to  the  MI  A.  3.4  gallons  of  additional  Ml. A was  added  to  the  drum  (total 
‘I  4 g.illons  MI  A).  The  drum  was  then  sealed  and  rolled  for  1 hour  on  the  drum  roller. 

The  drum  was  then  allowed  to  sit  for  6 hours  and  was  then  rolled  again  lor  1 hour  The 
drum  was  rolled  for  1 hour  at  approximately  9 00  a.ni.  and  2 00  p.m..  Monday  through  I riday . No 
rolling  look  place  on  the  weekends. 

1 ach  day  alter  the  first  rolling,  100-ml  samples  were  taken.  No  samples  were  taken  on  the 
weekends.  These  samples  were  analyzed  for  HD,  based  on  the  reaction  rates  for  the  agents  (m  neat 
lorm ) involved.  Mustard  gas  is  the  slowest  reacting  agent  with  Ml' A (see  appendi.x  .A).  Tlie  samples 
were  also  analyzed  for  PS  to  I'rovide  backup  information  on  the  slowest  reacting  agent. 

When  the  MLA  solution  showed  less  than  5 ppm  HS,  1 gallon  of  MKA/charcoal  (after 
stirring)  was  ground  in  the  ball  mill  The  ball  mill  was  run  until  the  proper  particle-size  range  was 
reached.  This  range  was  2 to  5 microns.-  This  was  the  requirement  for  the  DOT  test  that  was 
conducted  by  the  Knvironmental  Toxicology  Branch  of  the  Biomedical  Laboratory.  The  milled 
matenal,  along  with  an  MLA  sample  from  the  drum,  was  tested  in  accordance  with  DOT  standard. 

( ode  of  Federal  Regulations.  Titles  21  and  49.  At  the  same  time,  a core  sample  of  charcoal  was 
tested  lor  the  amount  of  US  present.  Tlie  operational  portion  of  the  Standing  Operating  Procedure 
IS  included  in  appendix  B. 

The  material  (MLA/charcoal)  was  held  in  the  drum  after  the  end  of  the  test.  Two  samples 
were  taken  after  the  test  ended,  at  43  days  and  149  days,  to  obtain  long-term  data.  The  drum  had 
not  been  rolled  since  the  eighth  day  of  the  test. 

Ill  RLSULTS. 

A Test  and  Analytical  Data. 

Tlie  pilot  detoxification  test  data  which  were  collected  during  this  test  is  shown  in  table  2 
Table  3 contains  the  analytic  results  from  the  daily  samples. 

The  analytic  data  on  table  3 show  the  sharp  decline  in  the  concentration  of  mustard  in 
the  ML  A with  respect  to  time.  A graphic  representation  of  the  analytic  data  in  table  3 is  shown  in 
figure  5. 
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Based  on  25  ml  per  bottle. 

Test  will  include  a ratio  of  10:1  MF.A  to  agent  and  charcoal. 


Tabic  2 Navy  Scl  Pilot  Test  Data 


I>dtf 

1 mie  drum 
slarOi  rolhnii 

■±-  ---  

Drum  pressure 

Drum  tempcrdtun. 

Anjbu’nt 
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1 sample  taken 
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24 
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1 40(1 
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■*s 
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1440 
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I5(K) 
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2S 
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UM40 
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o‘):o 
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25 

25 
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Table  3.  Analytic  Data 


Sample  number  and  time 
sample  taken 

HS 

Average  concentration 
HS  in  MEA 

ppm 

ppm  ^ , 

1 

501.5 

328.3 

389.6 

11:15  1 June  1976 

339.1 

(1  hour) 

56.8 

38.9 

44.9 

09:35  : June  1976 

38.9 

(23.35  hours) 

3 

10.8 

10.5 

10.6 

09:00  3 June  1976 

10.3 

(45.75  hours) 

4 

4.23 

4.13 

4.19 

09:15  4 June  1976 

4.19 

(70  hours) 

5 

1.28 

1.28 

1.37 

09:10  7 June  1976 

1.64 

(142  hours) 

6 

0.5 

0.68 

0.6 

09:35  8 June  1976 

0.63 

(166.25  hours) 
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The  daily  Ml  A samples  which  were  tested  lor  mustard  were  also  tested  tor  PS.  The 
detection  limit  tor  PS  in  the  MTA  solution  was  10  ppm  PS.  All  MEA  samples  showed  less  than 
10  ppm.  (Tlie  estimated  detoxification  time  for  PS  is  3 hours  at  34°C;  it  is  a fast  reaction  compared 
to  the  mustard-Mf  A reaction.) 

A sample  of  "decontaminated”  charcoal  was  taken  on  the  last  day  of  the  test  and  was 
analyzed  for  its  mustard  content.  The  amount  of  mustard  present  in  40.7  grams  of  MEA-saturated 
charcoal  residue  was  determined  to  be  1.02  mg.  This  result  was  attained  by  three  chloroform 
extractions  and  by  heating  the  charcoal  to  a final  temperature  of  200°C  and  a vacuum  of  10'^  torr  Hg 
and  then  condensing  out  the  residual  mustard  in  a trap.  A full  description  of  the  analytic 
procedures  may  be  found  in  appendix  A as  performed  by  Chemical  Laboratory'  in  their  report 
of  28  .September  1976. 


.A  sample  of  Ml  .A  was  taken  after  43  days  of  contact  with  Navy  set  contents  and  tested 
tor  mustard.  The  result  of  tliat  test  showed  no  mustard.  However,  a material  was  observed  which 
had  a retention  time  on  the  gas  chromatograph  (CD  similar  to  that  of  mustard  and  which  was 
present  in  a quantity  o I less  than  0.1  ppm. 


■A  sample  i>t  Mf-. A/charcoal  taken  after  149  days  showed  no  mustard  in  the  MEA  or  in 
the  charcoal. 

B.  DOT  Test. 

Toxicity  Tests. 

Toxicology  Division,  Biomedical  Laboratory,  performed  the  required  DOT  tests  per 
( FR  21  and  CFR  49  and  determined  that  the  MEA  solution,  without  the  charcoal  resulting  from 
the  detoxification  ot  X-sets  and  K955  sets,  passed  the  test  and  can  be  shipped  as  a corrosive  liquid 
as  less  than  a class  B poison,  (n  another  sample,  they  also  determined  that  the  MEA  solution  with 
the  charcoal  pa.ssed  the  test  and  can  be  shipped  as  a corrosive  liquid.  (See  appendix  C.) 

IV  DISCUSSION. 

The  test  data  presented  in  table  2 indicate  that  the  reaction  of  the  Navy  sets  and  the 
replacement  sets  (X-sets)  with  MEA  at  ambient  temperature  is  not  an  exothermic  reaction. 
Therefore,  there  is  no  need  for  cooling  of  the  reaction  drum  such  as  when  chloroform  is  present. 
Although  no  pressure  increase  was  noted,  there  was  a very  slight  pressure  increase  which  did  not 
register  on  the  gauge  but  was  heard  the  first  time  the  drum  was  opened. 

The  analytic  data  in  table  3 has  been  shown  graphically  in  figure  5 to  show  the  sharp 
decline  of  mustard  in  MEA.  In  8 days,  the  mustard  concentration  had  dropped  from  an  average 
concentration  of  389.6  ppm  to  0.6  ppm.  A sample  taken  after  43  days  showed  no  mustard. 
Another  sample  was  taken  after  149  days  and  showed  no  mustard  in  the  MEA.  (The  detection 
limit  for  this  test  was  0.1  ppm  mustard.) 
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The  remaining  charcoal  showed  1 .02  mg  mustard  recovered  from  40.7  grams  MI: A 
saturated  charcoal.  This  number  cannot  be  related  to  the  total  quantity  of  mustard  remaining  in 
the  charcoal  because  the  40.7  grams  represent  MEA-saturated  charcoal,  not  dry  charcoal,  and  the 
amount  of  MEA  present  was  unknown.  However,  the  amount  of  MEA  was  estimated  and  the  total 
(luantity  of  H in  the  final  solution  was  then  estimated  to  be  approximately  2 ppm.  The  sample 
taken  after  149  days  showed  no  mustard  in  the  charcoal.  Further  attempts  to  identify  residual  H 
on  charcoal  are  indicated  in  appendix  D. 

The  DOT  tests  showed  the  material  to  be  a corrosive  liquid,  less  than  a class  B poison. 

Tliis  would  facilitate  shipment  to  a CONUS  site  for  ultimate  disposal. 

The  overall  results  of  this  test  indicate  that  the  process  works  and  should  be  considered 
to  be  a viable  option  for  the  detoxification  of  Navy  and  X-sets.  A full-scale  procedure,  for  the 
detoxification  of  Navy  and  X-sets  expected  to  be  located  at  Johnston  Island  is  included  in  Appendix  F, 

V.  CONCLUSIONS. 

It  is  concluded  that  the  Navy  sets  to  be  collocated  to  Johnston  Island  can  be  detoxified 
and  shipped  back  to  CONUS  as  a corrosive  liquid  for  ultimate  disposal. 

This  technique  could  also  be  applied  to  the  movement  of  other  Navy  sets  in  CONUS,  if 

necessary. 
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APPENDIX  A 


1)1  CONTAMINATION  WITH  MONOfTHANOLAMINE  Of-  H-IMPRhCiNATf.D 
CHARCOAL  CONTAINED  IN  OBSOLETE  NAVY  WAR  (iAS  IDENTIFICATION  SETS 


Clieniical  Laboratory 
28  September  1976 


1 INTRODUCTION. 

At  tbe  re(]uest  ot  luEeewood  Arsenal  Demilitarization/ Disposal  Officer  personnel,  tins 
sUul>  was  initiated  to  ascertain  the  feasibility  of  decontaminating  agent-impregnated  charcoal 
contained  in  obsolete  Navy  war  gas  identification  sets  with  monoethanolamine  (MEA).  Tiiese  sets 
were  prepared,  circa  1940,  by  separately  placing  25-ml  amounts  of  H,  HN-1,  HN-3,  L,  or  PS  in 
groiiiul-glass  stoppered  bottles  containing  90  ml  of  charcoal.  No  information  was  available 
concerning  either  the  original  purity  of  the  various  agents,  or  the  type,  source,  bulk  density,  or 
internal  pore  area  of  the  carbon  used  in  the  preparation  of  these  sets.  Work  conducted  in  this  study 
was  primarily  limited  to  the  tlecontamination  of  H-impregnated  charcoal  because  of  funding  and 
time  limitations.  The  tl-imprcgnated  charcoal  system  was  selected  for  study  m preference  to  the 
other  agent-charcoal  systems  contained  in  these  sets  since  Environmental  Research  Division 
personnel  are  of  the  opinion  that  the  H-charcoal  system  would  probably  be  the  most  difficult  sy  stem 
to  decontaminate  with  MEA  under  the  initially  proposed  field  decontamination  procedure  of  using 
a 10  1 v/v  ratio  of  MEA/agent. 

The  general  approach  followed  in  this  study  consisted  of  three  discrete  but  interrelated 
parts.  Part  I consisted  of  an  examination  of  charcoal  (of  a known  mesh  size,  bulk  density,  and 
internal  pore  area)  impregnated  witli  H and  subsequently  decontaminated  with  MEA.  Part  II 
consisted  of  an  examination  of  the  decontamination  of  actual  samples  of  H-iinpregnated  charcoal 
containeil  in  the  Navy  sets.  Part  III  consisted  of  an  examination  of  a pilot  plant  scale  process 
involving  the  collective  decontamination  in  MEA  of  Navy  set  charcoal  samples  impregnated  with 
agents  H,  HN-1,  HN-3,  L,  and  PS. 

II.  RESULTS  AND  DISCUSSION. 

Part  1 - Pittsburgh  Activated  Carbon  Study. 

In  this  work,  two  samples  of  Pittsburgh  Activated  Carbon  (PAD,  BPL  grade,  lot  6098, 
charcoal,  each  weighing  approximately  8.2  grams,  were  impregnated  with  5 ml  (approximately 
6.2  grams)  of  H and  allowed  to  reach  sorption  equilibrium  over  a period  of  approximately  3 w eeks 
at  room  temperature.  The  PAC  charcoal  represented  a well  characterized  charcoal  with  a nominal 
US  sieve  range  of  12-30  mesh,  a bulk  density  of  0.459  gm/ml,  and  an  internal  pore  area  of 
1058  m2/gm.  The  ratio  of  H to  diarcoal  used  in  the  preparation  of  these  two  samples  was 
equivalent  to  that  used  in  the  original  preparation  of  the  Navy  sets. 
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In  an  ctlorl  to  ilctcrniini.'  tlu'  amount  of  H irreversibly  ta'rbed  on  tlie  PA(  eliareoal,  one  ol 
tlu  iinpreenated  samples  desenbeil  above  was  plaeed  in  a speeially  eonstrueted  liigli  vacuum  system. 
Iln-'  ■'\''tem  was  eiimpi'cd  with  piovisions  lor  heating  tlie  sample  in  10°(  increments  over  a 
temperature  r.mge  Irom  ambient  I25'’('l  to  2()0°C' and  for  collecting  any  distilled  H at  liquid  nitrogen 
temji.'iatnres  m i glass  trap.  This  s'.stem  was  operated  under  these  conditions  at  a pressure  of 
1 0 ''  toir  I lie  sample  ot  H-impregnated  charcoal  was  ilegassed  over  a period  of  1 5 workdav  s.  H 
removed  tiom  tlie  ehaioeii  \\  as  collected  and  weighed  for  twi)  sample  temperature  increments,  25' 
to  100  C.ind  loo  to  2i)0  ( , I he  11  content  of  each  fraction  was  tletermmed  by  gas  liquKl 
vhromatogi.iplu  ((■!  C)  .mahsis,  | he  first  fraction  (25°  to  lOO’C)  was  determined  to  be  ^8.2"  H, 
which  compared  tavorably  to  .m  imtial  H purity  of ‘)0.6'2.  The  second  fraction  was  determined  to 
li.ne  .1  puritv  ot  "^,0  mdic.iling  some  thermal  ilegradalion  of  the  M.  llie  material  collected  in  the 
tirst  traction  .inuninted  to  40,5''  of  the  original  amount  of  M placed  on  the  charcoal,  and  the 
coiiihiiied  wei.eht  ol  both  fractions  accounteil  for  89.8''  of  the  original  amount  of  M used. 

( onip  irisoii  ol  the  initial  weieht  ot  the  cliarcoal,  before  impreimation  with  II.  with  the  weight  ol 
the  impre.eiiated  sami'le  alter  degassing  indicated  that  5,  I'd  of  the  H remained  on  the  charcoal  either 
.IS  pol\  meri/ed  or  phvsicalK  aiul  Or  chemically  bound  H.  Further  analysis  ol  data  iiuiicateLl  that  an 
idditiona!  5 I ' of  the  original  weight  of  II  placed  on  the  charcoal  could  not  be  accounted  for  ami 
w-.is  cither  comlensed  elsewhere  in  the  vacuum  system  orsimplv  escaped  Irom  the  vacuum  system 
over  tile  prolonged  degassing  period  I'he  most  important  information  ilerived  from  this  e.xperimenl. 
liowever,  w.is  that  even  under  these  stringent  degassing  conditions,  approximately  5 / uf  the  original 
.imoimt  of  II  placed  on  the  charcoal  could  not  be  removed  from  within  the  charcoal  matrix. 

In  the  original  plans  established  for  the  conduct  of  this  study . experimental  work, 
comi'lemciuary  to  the  work  described  above,  was  planned.  This  work  was  designed  to  establish  the 
exlr.iction  etficiency  ol  vhlorolorm  for  H ii»i>rci!nntcJ  on  well  cJiaracteri/ed  charcoal,  i.e.,  one  with 
a known  bulk  density,  particle  size,  and  internal  pore  surface  area.  Manufacturing  Technology 
Directorate  and  Demilitari/ation/Disposal  Office  personnel  directed  that  these  investigations  be 
abaiuloned.  and  an  abbreviated  experimental  program  was  subseiiuently  conductetl. 

rile  second  sample  of  ll-impregnated  PAC  charcoal,  referred  to  above,  was  placed  in  an 
I rieiimey  er  llask  to  which  50  ml  (jf  MFAwas  addevl  to  produce  a 10: 1 v/v  MFA/H  ratio.  The 
niixture  was  stirreil  for  2-1,  2 hours  at  50“C  and  then  was  allowed  to  remain  in  an  unstirred 
condition  at  room  temperature.  25°C.  over  a 48-hour  period.  This  sample  was  subsequently  stirred 
tor  an  adilitioiuil  b-hour  period.  During  this  reaction  period,  the  concentration  of  the  H in  the  .MF.A 
shoiikl  have  been  rediiceil  to  approximately  1 ppm  assuming  that  the  homogeneous  pseudo  first 
order  of  the  li  with  the  ML  A and  that  all  the  H put  on  the  carbon  was  immediately  available  for 
reaction  with  the  Ml.A.  After  this  last  stirring  period,  the  MEA  was  separated  from  the  charcoal  and 
tested  foi  the  presence  of  II.  This  test  involved  placing  10  ml  of  the  MEA  reaction  mixture  in  a 
separatory  funnel  and  adding  50  ml  of  an  aqueous  lO'T,  NaCl  solution  followed  by  1 ml  of  hexane. 

This  mixture  was  shaken  vigorously,  and  the  organic  and  aqueous  phases  were  allowed  to  separate, 
llie  hexane  was  then  removed  and  tested  for  the  presence  of  H by  gas  chromatography.  The 
extraction  efficiency  of  H into  hexane  under  the  conditions  outlined  above  was  previously  determined 
to  be  virtually  lOO'/r.  Gas  li(|uid  chromatography  analysis  indicated  that  less  than  2 ppm  of  H 
(minimum  detectable  limit)  was  present  in  the  MEA  separated  from  the  PAC  charcoal.  The  charcoal 
itself  was  subsequently  extracted  at  three  separate  times  with  50  ml  aliquots  of  chloroform,  a mutual 


\ 


Appendix  A 


22 


solvent  tor  hoth  H and  Ml'.A.  Direct  (>LC  analysis  of  these  three  extracts  indicated  H concentrations 
ot  1 54,  and  80  ppm,  respectively.  These  data  are  summarized  in  table  A-1 . 


I able  A-1,  11  Content  of  Chloroform  I xtracts  of  Decontaminatei!  PAC  Carbon 


(hloroform 

extract* 

11  concentration^* 

Weight  equivalent 
of  H 

Amount  (d 
original  H 

ppm 

gm 

7 

1 

239 

0.0 1 6 

0.25 

*> 

153 

0.010 

0.16 

3 

80 

0.005 

0.08 

Total  11  in  chloroform  extracts 

0.031 

0.49  ± 0.1  1 

* With  stirring,  the  chloroform  remained  in  contact  with  the  carbon  for  a I hour  period  tor  the  iirst 
extract.  4.5  minutes  for  the  second  extract,  and  16  hours  for  the  thi  d extract. 

*•  Analysis  was  done  with  a HPS830  gas  chromatograph  equipped  with  flame  ionization  detectors, 

Tliis  column  was  6 foot  by  1/8  inch  stainless  steel  packed  with  \QT/r  UCW98  on  80M00  HP 
(AWDMCS)  chromosorb  W.  Conditions  were  : oven  temperature  - 1 55°C  isothermal,  carrier  How  - 
45  ml/min,  injection  port  temperature  - 250°C,  and  flame  ionization  detectors  temperature  - ,300“C 

Although  no  detectable  amount  of  H was  found  in  the  separated  MEA  phase,  the  data  in 
table  A-1  indicate  that  at  least  0.57r  of  the  original  H placed  on  the  charcoal  was  not  destroyed 
during  the  decontamination  process.  Tliese  data  appear  to  indicate  that,  at  least  for  some  of  the 
H contained  in  the  internal  pore  structure  of  the  charcoal,  the  decontamination  process  was  affected 
by  the  diffusion  of  11  from  within  the  internal  pore  structure  of  the  charcoal  into  the  MEA. 

Part  11  - Decontamination  of  Navy  Set  Charcoal. 

In  an  effort  to  corroborate  the  experimental  findings  obtained  from  the  PAC’  charcoal 
work,  an  entire  unit  of  H-impregnated  charcoal  from  the  actual  Navy  war  gas  identification  set 
(reportedly  25  ml  of  H on  90  ml  of  charcoal)  was  decontaminated  with  250  ml  of  MEA.  An  entire 
unit  was  used  to  preclude  the  possibility  of  errors  introduced  by  the  possibility  of  unequal  sorption 
of  the  H by  the  charcoal  or  non-representative  sampling  of  the  charcoal.  Tlic  mixture  was  stirred 
for  4-3/4  hours  at  50°C;  stirring  was  continued  at  25°C  for  19  additional  hours.  Assuming  that  the 
homogeneous  pseudo  first-order  reaction  of  H with  the  MEA  and  that  the  25  ml  of  agent  on  the 
charcoal  was  absolutely  pure,  the  time  of  reaction  of  the  MEA  with  the  H was  sufficient  to  reduce 
the  concentration  of  H in  the  MEA  to  below  1 ppm.  In  accordance  with  previously  established 
procedures,  the  MEA  was  separated  from  the  charcoal  and  extracted  with  hexane.  The  H content 
of  the  MEA  was  determined  by  GLC  analysis  of  the  hexane  extract.  This  analysis  indicated  than  an 
H concentration  of  40  ppm  remained  in  the  MEA.  The  carbon  was  sequentially  extracted  with 
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chiorofi'iin  tliR'c  times,  (las  li(|iiiil  cliromatography  analysis  of  these  extracts  indicated  the  presence 
of  IM).  400,  and  ".‘I  .S  ppm  concentrations  of  H in  the  first,  second,  and  third  cliloroform  extracts. 
ivspccti\cl\  Tlicse  data,  aloni:  with  that  for  the  MI'A  decontaminant,  are  summarized  in  table  A-2. 

lahle  ,\-d,  (las  Lnpml  ('hiomatOi;raphy  Analysis  Data  for  11  Concentration  in  Products  from  the 
the  Decontamination  of  Navy  Set  Charcoal  witli  MF.A  tTiiai  i ) 


Mat  ial  analy  zed 

Amount  of  H 

Amount  of 
original  H 

ppm 

gm 

% 

Ml  A 

40 

0.013 

0.04 

1 si  (TICI  extract** 

230 

0030 

0.09 

2d  (Tl('l:(  extract** 

400 

0.052 

0.16 

.sd  CHCI3  extract** 

755 

0.098 

0.30 

Total  amount  of  H recovered 

0.193 

0.59  ± 0.06 

* (>as  liquid  cliromatography  conditions  used  in  this  work,  with  minor  exceptions,  were  essentially 
the  same  as  those  stated  in  table  .\-l. 

**  The  three  successive  extractions  were  each  done  using  100-nil  volumes  of  v 

extraction,  the  CIK'I^  remained  in  contact  with  the  carbon,  with  stirring,  at  25°C,  foi  a period  of 
1 hour. 

I'.xamination  of  the  data  in  table  A-2  indicates  that,  as  with  the  PAC  charcoal,  the  reaction 
of  at  least  some  of  the  H on  the  Navy  set  charcoal  with  the  MEA  is  affected  by  the  diffusion  of  H 
from  within  the  internal  pore  structure  of  the  charcoal  into  the  MEA. 

'To  confirm  these  observations,  a second  unit  of  H-impregnated  charcoal  from  the  Navy 
sets  was  decontaminated  in  a manner  similar  to  the  first.  The  second  unit  was  immersed  in  2.S0  ml 
of  MEA  at  50°C  for  64  hours.  Because  of  a stirrer  malfunction  sometime  during  this  period,  the 
stirring  time  of  mixture  is  not  known.  The  mixture,  however,  is  known  to  have  received  an  initial 
period  of  stirring  of  at  least  I hour.  To  preclude  the  possibility  of  insufficient  reaction  time  the 
mixture  was  then  reacted  at  .SO^C  with  stirring  fora  period  of  7 hours.  Again  assuming  the 
homogeneous,  pseudo  first-order  reaction  of  H with  MEA,  100%  agent  purity  and  homogeneity  of 
the  reactions,  the  concentration  of  residual  H in  the  MEA  should  have  been  well  below  1 ppm.  In 
accordance  with  previously  established  procedures,  the  MEA  was  determined  by  GLC  analysis  of  the 
hexane  extract.  Tliree  successive  extractions  of  the  charcoal  with  chloroform  were  also  made  and 
the  extracts  assayed  by  CILC  for  H content.  After  the  third  extraction,  a portion  of  the  charcoal 
residue  was  placed  in  the  vacuum  system  and  degassed  for  a period  of  several  days  at  a pressure  of 
10'^  torr.  Tile  carbon  was  gradually  heated  to  200°  in  10°C  increments.  Tlie  amount  of  H in  the 
chloroform  condensate,  collected  at  liquid  nitrogen  temperature,  was  assayed  by  GLC.  The  results 
of  these  analyses  are  presented  in  table  A-3. 
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Table  A-3.  Concentration  of  Residual  Agent  in  Reaction  Products  FTom  the  rX'contamination 
of  11-lmpregnated  Carbon  in  Navy  War  Cias  Identification  Sets  With  MI-.A  (Trial  2) 


Materials  analyzed  ^ 

H concentration 

1 

Amount  of  H 

Amount  of 
original  H 

ppm 

gm 

Ml  A 

<1 

1st  ( IK  I3  extract 

<1 

2d  ( HCI3  extract^ 

135 

0.009 

0.028 

3d  (T1C13  extract^ 

120 

0.016 

0.049 

run 3 vacuum  distillate 

29 

0.001 

0.003 

Total  amount  of  H recovered 

0.026 

0.080  ± 0.003 

^ All  material  analyzed  by  GLC.  Gasliquid  chromatography  conditions  used,  with  minor  excepiions. 
were  essentially  the  same  as  those  stated  in  table  A- 1 

^ Fifty  liter  of  CHCI3  were  used  for  each  of  the  first  and  second  extractions,  while  100  ml  ol  CHCl^ 
were  used  for  the  the  third  extraction.  In  all  extractions,  the  CHCI3  remained  in  contact  with  the 
carbon,  with  stirring,  for  a period  of  1 hour  at  2S'’C. 

This  percentage  represents  the  normalized  amount  of  residual  agent  to  be  found  after  MLA 
decontamination  of  a single  unit  of  H-impregnated  charcoal  contained  in  the  Navy  sets  (dO-ml  charcoal 
with  25  ml  of  H).  This  normalization  is  based  on  the  weight  of  the  degassed  charcoal  (5.3492  gm).  an 
assumed  charcoal  bulk  density  of  0.459  gm/ml,  the  amount  of  CHCI3  solution  containing  H collected 
in  the  liquid  nitrogen  trap  (6.5525  gm),  the  density  of  CHCI3  at  25°C  (1 .47  gm/ml).  and  an  average 
assumed  density  for  H of  1.27  gm/ml. 


Hxaniination  of  the  data  in  table  A-3  again  indicates  that  the  decontamination  of  H on  the 
Navy  sets  charcoal  is  not  complete.  It  would  again  appear  that  the  reaction  of  at  least  some  of  the 
H on  the  Navy  sets  charcoal  with  MEA  is  affected  by  diffusion  of  H from  within  the  internal  pore 
structure  of  the  charcoal  into  the  MEA. 


Part  III  of  this  study  consisted  of  a pilot  scale  test,  conducted  by  Manufacturing 
Technology  Directorate  personnel  in  which  Navy  set  charcoal  contaminated  with  several  agents, 
was  placed  in  a steel  drum  containing  9,4  gallons  (34.6  liters)  of  the  decontaminant,  MEA.  The 
quantity  of  each  agent  used  in  this  test  is  shown  in  table  A-4. 
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Table  A-4.  Type  and  Amount  of  Agents  Used  in  Pilot  Scale  Decontamination 
of  Agents  in  Navy  Identification  Sets 


Number  of  set 

Volume  of  each 

Volume  of  charcoal 

liters 

liters 

8 

.200 

.720 

4 

.100 

.160 

4 

.100 

.360 

9 

.225 

.810 

6 

.150 

.540 

rotal 

.775 

2.790 

The  ratio  of  MhA  decontaminant  to  total  agent  used  was  46  to  1 . This  test  was 
conducted  at  ambient  temperature  (24°  to  27°0-  The  reaction  components  were  mixed  by 
rotating  the  drum  on  a drum  roller  for  1 hour  each  morning  and  afternoon  during  the  testing 
period.  A sample  of  MI  A was  periodically  withdrawn  from  the  drum  after  the  first  mixing  penod. 

I his  sample  was  extracted  with  chloroform  immediately  upon  receipt  and  the  extract  was 
subsequently  analyzed  for  the  presence  of  H and  PS.  Txtraction  and  CLC  procedures  used  were 
similar  to  those  described  previously  in  section  1!,  part  1,  of  this  report.  The  MF.A  was  tested  for 
the  presence  of  M on  the  basis  of  the  rationale  presented  in  the  addendum  to  this  appendix  in 
which  it  was  indicated  that  H would  probably  be  the  slowest  reacting  agent  of  any  of  the  agents 
present  in  the  Ml- A decontaminant.  At  the  request  of  Hdgewood  Arsenal,  Demilitarization 
^ Disposal  Office  personnel,  the  solutions  were  also  tested  for  the  presence  of  PS,  since  this  material 

was  expected  to  be  one  of  the  most  reactive  of  the  agents  present  in  the  decontamination  solution. 
A summary  of  the  GLC  analysis  performed  on  samples  of  the  MEA  decontaminant  taken  at 
successive  time  intervals  is  presented  in  table  A-5. 
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Iiibk-  A-5  (las  Lu|uul  Chroniatograpliy  Analysis  ol  MI  A IX-Lontanimation  Solution 
I'rom  Pilot  Plant  Demilitarization  ot  Navy  Sets 


Sample  number 

Dale  received  ^ 

Intervals  after 
start  of 

decontamination 

process 

11  content  in 
MI  A 

hr 

ppm 

1 

1 June  1976 

! 

390  i 9t 

2 

2 June  1976 

23 

45  i 10 

3 

3 June  1976 

46 

n 7 6 

4 

4 June  1 976 

70 

4.2  i 0.3 

5 

7 June  1976 

142 

1 .4  ^ 0.5 

6 

H June  1976 

1 66 

0.6  : 0.3 

7 

13  July  1976 

1008 

-0.1  ( low'cr  detectable 

hmin 

^ All  samples  were  exitaeted  10  I v/v  nK'l-^/MPA  iimncdialelv  upon  reeeipl  I’rom  the  pilot  plain  wilh 
the  exeeption  ol’  sample  number  7.  which  was  extracted  on  1 .t  July  l'>76, 

^ Values  reported  represent  average  values  obtained  front  three  individual  Jclerminaiions.  1 xiraciion 
proecdures  and  (jLC  conditions  are  the  same  as  those  indicated  earlier  in  this  lepori . 

Samples  1 , 2, 4.  5,  and  6 were  also  analyzed  lor  the  presence  of  PS  All  samples  tested  indicated 
concentrations  ol  PS  of  less  than  10  ppm. 


l.xaniination  of  the  data  presented  in  table  A-5  again  indicates  that  the  decttiitamiiiatK'n 
of  the  H on  the  charcoal  with  MPA  is  affected  by  diffiisirm  of  M from  within  the  internal  pore 
structure  of  the  charcoal  into  the  Ml' A. 

In  the  (iLC  analysis  of  the  MP.A  decontamination  product  solution,  interferences  caused 
by  the  presence  of  unidentified  components  precluded  the  detection  of  PS  in  the  product  solution 
at  concentrations  of  less  than  10  ppm.  Since  the  minimum  detectable  limit  for  PS  in  the  PS-MP.A 
reaction  product  solutions  had  been  previously  established  at  less  than  1 ppm,  this  interference  was 
attributed  to  the  presence  of  either  reaction  products  formed  during  the  decontamination  of  the 
other  agents  present  in  the  MPA  or,  possibly,  to  the  presence  of  agent-agent  interaction  products. 
Several  attempts  were  made  to  improve  the  detection  sensitivity  of  the  PS  in  the  MPA  product 
solution  by  altering  various  gas  chromatographic  operating  conditions  and  using  different  column 
substrate  materials.  All  attempts  to  accomplish  this  proved  unsuccessful,  and  experimental  results 
indicated  that  a more  extensive  investigation  would  be  required  to  attain  the  desired  objective.  Such 
a program  was  considered  to  be  outside  the  scope  of  the  present  work,  and  further  attempts  to 
resolve  this  problem  vwre  abandoned.  It  should  be  noted,  however,  that  none  of  the  solutions  tested 
indicated  concentrations  of  PS  greater  than  10  ppm. 
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1m  consonance  with  the  experimental  work  described  above,  a sample  of  carbon  residue 
was  removed  from  the  reaction  drum  after  a reaction  period  of  166  hours.  This  sample  was 
cMractcd  with  cliloroform  and  was  subsequently  vacuum  distilled  in  accordance  with  procedures 
viescrihed  m section  11.  parts  1 and  11,  of  this  report.  The  chloroform  extracts  and  collected 
distillate  vKcre  analyzed  for  the  presence  of  residual  H.  The  results  of  these  analyses  are  presented 
in  table  \-b. 


Table  A-6.  Analysis  of  Charcoal  Residue^  From  Pilot  Plant 
Demilitarization  of  Navy  Sets 


Item 

Amount  of  H recovered 

mg 

Chlorolortn  extract  No.  1 

0.36 

Chloroform  extract  No.  2 

<0.05 

Chloroform  extract  No.  3 

0.09 

Degassed  charcoal  ^ 

0.57 

■'  Sample  received  on  11  June  1976.  This  sample  of  MEA  saturated  charcoal  residue  (40.7  gm)  was 
exiiacted  three  times  successively  with  50-ml  portions  of  chloroform.  During  each  extraction  the 
charcoal  wai.  stirred  in  the  chloroform  for  a period  of  I hour.  The  chloroform  extract  was  then 
analyzed  tor  H by  the  (ILC  method  described  previously  in  this  report. 

^ following  the  third  extraction,  a portion  of  the  charcoal  residue  was  placed  in  a vacuum  apparatus 
ana  degassed  at  a pressure  of  |0‘^  torr  lor  a peiiod  of  16  hours  at  a sample  temperature  ranging  from 
25  to  200°C.  Degassed  vapor  trom  the  charcoal  was  collected  in  a liquid  nitrogen  trap  and 
subsequently  analyzed  lor  H content  oy  the  GLC  method  previously  described  in  this  report.  The 
wciglii  (it  the  degassed  carbon  was  6.94.T(  gm. 

^ The  amount  of  residual  II  shown  has  been  normalized  to  represent  the  total  amount  of  H that  would 
he  degassed  from  the  entire  40.7  gm  charcoal  sample. 

Analysis  of  the  data  in  table  A-6  indicates  that  the  decontamination  of  the  H on  the 
Navy  set  charcoal  with  MhA  is  affected  by  the  diffusion  of  H from  within  the  internal  pore 
structure  of  the  charcoal  into  the  MEA. 

III.  CONCLUSIONS. 

1 Approximately  5%  of  the  H impregnated  on  PAC,  type  BPL,  charcoal  was  apparently 
irreversibly  sorbed  on  the  charcoal. 

2.  Decontamination  of  H impregnated  on  PAC  or  Navy  set  charcoal  with  MEA  is 
affected  by  the  diffusion  of  H from  within  the  internal  pore  structure  of  the  charcoal  into  the  MEA. 
Consequently,  the  time  period  required  for  the  decontamination  of  H on  charcoal  with  MEA 
cannot  be  predicted  on  the  bases  of  reaction  rate  data  previously  established  for  the  homogeneous, 
pseudo  first-order  reaction  of  H with  excess  MEA  (15  v/v  ratio  of  H to  MEA). 
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3.  In  consonance  with  the  above  paragraph,  charcoal  samples  obtained  from  a pilot 
plant  process  investigation  involving  the  decontamination  of  agent  impregnated  Nav>  set  charcoal 
with  MI  A ( 1 46  v/v  ratio  total  agent  to  MKA)  under  ambient  conditions  of  temperature  (24°  to 
27°0  was  found  to  contain  residual  H after  a decontamination  period  of  approximately  1 week 

( 166  hours).  Had  the  H on  the  charcoal  been  immediately  extracted  by  this  large  excess  of  MfvA, 
the  amount  of  H remaining  would  have  been  undetectable  by  our  methods  of  analysis. 

4.  Simple  extraction  of  H from  charcoal  with  a chloroform  solvent  does  not  appear  to 
be  a viable  method  for  the  quantitative  removal  of  H impregnated  on  charcoal. 

5.  Because  of  the  difficulty  experienced  in  removal  of  the  H from  the  charcoal  by 
vacuum  distillation  at  elevated  temperature,  it  does  not  appear  feasible  to  distill  residual  H from 
contaminated  charcoal  at  atmospheric  pressure. 


Appendix  A 


29 


SAKI  A MT-l 


ADDENDUM 

DEPARTMENT  OF  THE  ARMY 

HEADQUARTERS  EOGEWOOD  ARSENAL 
ABERDEEN  PROVING  GROUND  MARTLAND  21010 


Ml  MORANDliM  F OR  RF  C'ORD 


10  June  1976 


SrBJl  ( 1 : Dctoxirication  ol  Navy  Sets 


1 llie  rollowinti  is  a reply  to  a directed  action  from  a meeting  on  the  Identification  sets  on 
:»!  Ma\  197(1,  in  which  I dgewood  Arsenal  was  directed  to  provide  a rationale  for  the  assumption 
tiuit  mustard  is  the  slowest  reacting  agent  in  tlie  Navy  set  with  respect  to  the  decontaminant, 
monoethanolamme  (MF  A). 

: Disposal  I ngineering  Division  has  been  tasFsed  with  the  disposal  of  obsolete  war  gas  identification 

sets  at  Johnston  Island.  Included  with  these  sets  are  approximately  133  Navy  sets  (or  X-sets)  and 
approximately  13  K955  sets,  which  consist  of  agent  impregnated  on  charcoal,  which  are  planned  to 
he  collocated  to  Johnston  Island  from  other  OCONUS  sites. 

Ihe  Navy  sets  are  contained  in  a wooden  box  with  a hinged  cover.  The  box  measures 
^•1  2 wide  by  16  long  by  11-3/4  inches  high  (19.1  by  40.6  by  29.8  cm)  and  is  divided  into  two 
compartments.  In  each  compartment  is  a can  4 inches  (101.6  mm)  in  diameter  and  4-5/8  inches 
(117  5 mmt  high  surrounded  by  packing  material.  Inside  each  can  is  a bottle  with  a ground  glass  top. 
In  the  X302  set,  one  bottle  contains  nitrogen  mustard  (HN-1),  the  other,  nitrogen  mustard  (HN-3). 
Both  agents  are  adsorbed  on  3 Ouid  ounces  (90  cc)  of  activated  charcoal.  In  the  sample  replacement 
sets,  there  are  two  bottles  in  each  set.  but  there  is  only  one  agent  per  set.  The  agent  are  as  follows: 

^t 

X545  f'(i-simulant  (contains  triphosgene) 

X546  CN  (tear  gas  - chloroacetophenonc) 

X547  US  (mustard  gas  - H) 

X548  L (lewisite) 

X549  DM  (adamsite) 

X550  MN-1  (nitrogen  mustard) 

X551  HN-3  (nitrogen  mustard) 

X552  PS  (chloropicrin ) 

The  K955  sets  are  contained  in  a wooden  box  with  a hinged  cover.  The  box  measures 
15-1/2  wide  by  30-3/8  long  by  1 1-3/4  inches  high  (39.4  by  77.2  by  29.8  cm)  and  is  divided  into  eight 
compartments.  Seven  compartments  contain  a can  and  bottle  as  described  above.  The  K955  set 
contains  the  following  agents: 

One  bottle  L,  one  bottle  PS,  two  bottles  HS,  one  bottle  CG-simulant,  one  bottle  CN,  and  one 
bottle  DM.  The  sets  with  HS,  L,  HN-1,  HN-3,  and  PS  each  contain  1.7  fluid  ounces  (0.050  liters)  of 
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agent,  or  0.85  tluid  ounce  (0.025  liters)  of  agent  per  bottle  on  90  cc  of  activated  charcoal.  The 
CG-siniulant  set  contains  6 grams  of  triphosgene.  The  bottles  containing  CG-simulant  will  be  disposed 
of  via  the  chemical  neutralization  reactor  with  caustic  solution  as  they  contain  no  charcoal.  The  ( N 
and  DM  bottles  each  contain  approximately  5 grams  of  nonlethal  solid  agent.  CN  and  DM  are  not 
classified  as  lethal  agents  and  are  not  to  be  demilitarized  during  this  operation. 

5 An  experimental  plan  has  been  initiated  to  decontaminate  charcoal  impregnated  with  agents  HS, 
MN-1.  HN-3,  L,  and  PS  with  MLA  to  determine  if  the  reaction  products  will  pass  the  DOT  test  as 
less  than  class  B poison.  A 10:1  volume  ratio  of  MEA/agent  on  charcoal  will  be  used  in  all  tests.  It 
is  believed  that  the  reaction  of  MEA  with  HS  on  charcoal  will  be  the  slowest  of  the  various 
agent/decontaminant  reactions.  This  judgement  is  based  on  experimental  information  obtained  from 
several  research  investigations  conducted  by  Chemical  Laboratory  and  from  private  communication 
with  several  Chemical  Laboratory  personnel. 

4.  The  following  is  offered  in  support  of  this  statement.  The  pseudo  first-order  reaction  rates  for 
MEA  with  neat  HD,  107f  v/v  HN-1  in  chloroform  and  50%  v/v  PS  in  chloroform  were  determined  by 
Chemical  Laboratory  in  previous  investigations  concerning  the  demilitarization  of  agents  contained  in 
the  K951-4  war  gas  identification  sets.  Kinetic  data  obtained  for  the  reaction  of  agents  HD  and  HN-1 
with  MEA  are  presented  in  tables  1 and  2,  below. 

Table  1.  Kinetic  Data  for  the  MEA/HD  Reactions** 


Temperature 

1 

Half  life 
(t'/z) 

*^obsd 

min'* 

1 

°C 

min 

25.2 

321.0 

2 16  X 10'3 

35.2 

82.0 

8.4  X 10’^ 

44.4 

39.6 

1.75  X 10-2 

57.0 

11.0 

6.06  X 10-2 

• A 5:1  ratio  of  MEA/HD  was  used  in  ail  tests. 
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Table  2.  Kinetic  Data  for  the  Reaction*  of  10%  v/v  HN-1 
in  Chloroform  with  Monoethanolamine**^ 


Temperature 

."?1 
min  ' 

t'A 

min 

Linear  corrected 
efficient 

Standard  error 
in  Kt 

“(■ 

% 

25.1 

34.6 

0.998 

1.70 

25.1 

34.7 

0.9996 

0.85 

34.9 

10  3 

0.999 

1.59 

34.9 

13.0 

0.999 

0.99 

44.9 

0.138 

5.03 

0.998 

1.72 

44.9 

0.135 
. ... 

0.999 

1.18 

* All  reactions  followed  through  greater  than  90%  reaction. 

**  A 10:1  ratio  of  MEA:  10??  v/v  HN-1  in  chloroform  was  used  in  all  tests. 


The  pseudo  first-order  rate  constant  for  the  reaction  of  PS  (50%  v/v  PS  in  chloroform)  with  MtA 
was  determined-^  to  be: 


Kobs  = K'  = 7.47  X 10-2  min’l 

The  half-life  of  the  reactions  of  PS  with  MEA  under  pseudo  first-order  conditions  was  calculated 
from  this  rate  constant  to  be  9.3  minutes  at  34°C.  In  another  investigation  concerning  the 
decontamination  of  agent  contaminated  dunnage  from  the  K951-4  war  gas  identification  sets,  it  has 
l|  been  indicated^  that  MEA  could  be  an  effective  decontaminant  for  L,  CK,  and  CG  as  well  as  for  HD, 
HN-1,  and  PS.  In  that  study,  5%  L in  chloroform  was  decontaminated  with  MEA  using  a 10:1  volume 
ratio  of  agent  in  chloroform  to  MEA.  The  decontaminated  sample  was  sent  to  Biomedical  Laboratory 
for  toxicity  testing  and  was  found  to  pass  the  DOT  tests  as  less  than  a class  B poison.  In  a private 
communication^  with  Dr.  George  Davis  (SAREA-CL-DC),  the  principle  investigator  who  studied  the 
reaction,  it  was  learned  that  the  reaction  of  the  L in  chloroform  with  MEA  appeared  to  be  complete 
in  a matter  of  seconds  at  room  temperature.  Dr.  Davis  further  indicated  that  the  actual  rate  of  this 
reaction  could  not  be  accurately  determined,  since  the  rate  of  mixing  of  the  two  components  appeared 
to  be  rate  controlling.  An  investigation  is  presently  being  conducted  by  the  Environmental  Research 
Division  of  Chemical  Laboratory  to  establish  the  rate  of  the  reaction  of  a 1 :10  volume  ratio  of 

i 

I 
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57c  v/v  L in  chloroform  with  MEA.  Work  will  also  be  conducted  to  isolate  and  identify  the  products 
of  this  reaction.  In  the  referenced  conversation.  Dr.  Davis  was  also  questioned  concerning  the  rate  of 
reaction  of  HN-3  with  MEA.  Dr.  Davis  indicated  that,  although  the  rate  of  this  reaction  had  not  been 
studied,  its  rate  should  be  of  the  same  order  of  magnitude  as  that  for  the  reaction  of  HN-1  with  MEA 
and  should  be  considerably  faster  than  the  rate  of  reaction  between  sulfur  mustard  (HS)  and  MEA. 

5.  Based  on  the  above  i iformation,  it  is  concluded  that  MEA  is  an  effective  decontaminant  for  L as 
well  as  for  HS,  HN-1,  HN-3,  and  PS,  and  that  the  slowest  reacting  agent  is  HS. 


1 Ind 
References 


CONCUR; 


STEVEN  J.  ROSENBERG 

Project  Engineer 

Disposal  Engineering  Division 


DR.  JOSEPH  EPSTEIN 

Chief,  Environmental  Research  Division 

Chemical  Laboratory 
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APPENDIX  B 


SOP  - PILOT  TEST  F OR  THE  rHEMlCAL  NEUTRALIZATION  OF  NAVY  WAR 
(;AS  identific  ation  sets  (X-SETS) 

Manufacturing  Technology  Directorate 
24  May  1976 

1 . Brief  Statement  of  Work  to  be  Done. 

This  test  is  being  conducted  to  demonstrate  that  the  Navy  war  gas  identification  sets 
(Navy  sets)  can  be  detoxified  by  chemical  neutralization.  These  Navy  sets  contain  mustard 
gas  (HS).  lewisite  (L).  nitrogen  mustard  (HN-1 ),  nitrogen  mustard  (HN-3).  and  chloropicrin  absorbeil 
on  charcoal.  Each  set  contains  two  bottles  packed  and  sealed  in  separate  4-inch-diameter  cans.  The 
two  cans  are  packed  in  separate  compartments  inside  a wooden  box  (7-1/2  by  16  by  1 1-3/4  inches). 
In  each  bottle.  2^  ml  of  agent  are  absorbed  on  90  cubic  centimeters  of  activated  charcoal.  A total  nt 
31  bottles  of  agent-activated  charcoal  arc  to  be  neutralized  using  monoethanolamine  (ME  A).  The 
distribution  of  agent  to  be  detoxified  is  as  follows: 

No.  of 


Agent 

bottles 

Agent 

Charcoal 

ml 

gm 

HS 

8 

200 

360 

PS 

4 

100 

180 

L 

4 

100 

180 

HN-1 

9 

225 

405 

HN-3 

6 

150 

270 

Total 

31 

775 

1.395 

JP  The  charcoal  impregnated  with  agent  will  be  added  to  6 gallons  of  MEA  in  a 1 5-gallon 

stainless  steel  drum.  After  this  addition,  3.4  gallons  of  MEA  will  be  added  to  the  drum.  This  drum 
will  then  be  sealed,  placed  on  a drum  roller,  and  rolled  for  1 hour.  A sample  of  the  drum  solution 
will  be  taken  and  analyzed  for  HS.  The  drum  will  then  be  allowed  to  sit  for  5 hours  and  then  rolled 
again  for  1 hour.  This  sequence  will  continue  for  each  working  day  until  results  of  the  analyses  of 
the  MEA  solution  indicate  less  than  5 ppm  HS.  When  this  occurs,  1 gallon  of  the  MEA/charcoal 
solution  will  be  drawn  off,  ground  in  a ball  mill  to  a particle  size  range  of  2 to  5 microns,  and  tested 
by  Biomedical  Laboratory  in  accordance  with  DOT  standards. 
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2.  l i|ui|Mm.-nt  to  be  Used. 


.1.  Facilities. 

Work  will  be  performed  in  an  area  approved  for  toxic  work.  This  area,  designated  Lab  II 
( Filling  Plant ).  is  located  on  the  first  floor  of  building  E5625.  This  laboratory  is  ventilated  by  a 
,‘sOOO  ft-\'  inin  exhaust  fan  which  draws  air  through  a C23R1  charcoal  and  particulate  filter  before 
discharging  it  into  the  atmosphere.  All  liquid  drainage  will  discharge  into  a toxic  sump  (capacity 
4000  gallons).  This  sump  operates  with  an  initial  head  of  caustic  solution,  ensuring  that  the  pFl 
will  always  be  greater  than  1 2.  This  sump  has  a separate  ventilation  system  which  is  in  operation  at 
all  times  whenever  the  Filling  Plant  is  occupied.  From  this  sump,  the  liquid  waste  will  be  transferred 
to  a 10.000-gallon  direct  displacement  tank.  (This  occurs  whenever  the  sump  reaches  807r  capacity.) 
Ultimately,  the  sump  discharge  will  pass  completely  through  the  10,000-gallon  effluent  tank,  then 
til  rough  a pFl  neutralization  process  before  it  discharges  into  the  sanitary  sewer. 

b.  Items  of  Et|uipment. 

( 1 ) Drum,  stainless  steel,  I 5-gallon  with  bung,  2-inch  diameter,  fitted  with  1 /2-inch  nipple, 
ball  valve,  temperature  and  pressure  gauges. 

(2)  Hopper  core  sampler.  1 inch  diameter. 

(3)  Ball  mill,  8-1/2  inch  diameter,  capacity  1 gallon. 

(4)  Roller,  drum,  adjustable,  electric  powered. 

.3.  Materials  to  be  Present. 

a.  MS  ( 2, 2'-dich loro-diethyl  sulfide )(C1CH2CH2 >2.  fp  1 4°C,  bp  227.8°C,  density  1.27  gm/ml 
(“  20°C.  vapor  pressure  0.072  mm  Hg  (a  20° C. 

b.  HN-1  (2,2'-dichloro-triethylamine)  (C1CH-)CH2)'>NC-)H5,  fp -34°C.  bp  85°C  <"  10  mm  Hg 
(decomposes  at  atmospheric  pressure  below  85“C),  liquid  density  1.24  C“  25°C,  vapor  density 
(compared  to  air)  5.9,  vapor  pressure  0.25  mm  Hg  25°C. 

c.  HN-3  (2,2',2"-trichloro-triethyIamine)  N(CH2CH2Q)3,  fp  -4°C,  bp  1.37°C  (decomposes 
at  atmospheric  pressure  below  137°C),  liquid  density  1.24  C«'  25°C,  vapor  density  (compared  to  air) 
6.9  vapor  pressure  0.0109  mm  Hg  (“■  25°C. 

d.  L (dichloro(2-chloro-vinyl)arsenic)  QCH:  CHAsC12,  fp -18°C,  bp  109°C,  density 
1 .89  gm/ml  20°C,  vapor  pressure  0.394  mm  Hg  20°C. 

e.  PS  (chloropicrin)  CCINO3,  fp  -64'’C,  bp  1 1 2°C,  density  1 .69  gm/ml  vapor  pressure 
44  mm  Hg  (“  34° C. 
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t.  MllA  (monoctlianolamine)  NHiCH2CH20H.  fp  10.5°C,  bp  170.5°C\  flasli  point  93°(', 
(.k'nsitv  1.02  gin/nil  f"  20°C,  vapor  pressure  6 mm  Hg  (“  60°C). 

g.  5'?  MTU  solution  {5''f  high  test  hypochlorite-water  solution)  used  for  decontamination 
ot  spills. 

h.  Charcoal,  activated,  particle  size  range  10-30  mesh,  used  to  absorb  agents. 

i.  Acetylene,  HC  = CH,  fp  -84°C,  bp  -81°C,  flash  point  -1 8°C,  density  1.17  gm/1,  vapor 
pressure  40  atmosphere  16.8°C.  (Possibly  formed  as  a byproduct  of  MEA-agent  neutralization 
reactions, ) 

4.  Description  of  Operation, 

a.  On  the  morning  of  the  first  day  of  the  test,  31  bottles,  each  containing  25  ml  of  agent 
absorbeil  on  45  gm  of  activated  charcoal,  will  be  emptied  into  a 15-gallon  drum  containing 

6 gallons  of  MEA.  (The  distribution  of  the  agent  bottles  is  as  described  in  section  2.)  After  the 
last  bottle  has  been  emptied  into  the  drum,  an  additional  3.4  gallons  of  MEA  will  be  added,  and 
the  drum  will  be  closed.  The  empty  bottles  will  be  rinsed  with  a 57r  HTH  solution,  placed  in  a 
plastic  bag  which  will  be  tied  shut,  and  placed  inside  a 30-gallon  steel  drum  for  transport  to 
"O”  Field  for  disposal, 

b.  Each  moniing  of  the  test,  beginning  with  the  first  day,  the  following  sequence  of 
operations  will  be  followed: 

( 1 ) Tlie  drum  will  be  placed  on  the  electric-powered  drum  roller  and  rolled  for  1 hour 
(between  0830  and  0930  hours);  pressure  and  temperature  vyill  be  checked  every  20  minutes. 

See  Safety  Procedures  - (9)  of  this  appendix, 

(2)  After  drum  has  been  rolled  for  1 hour,  the  roller  will  be  stopped,  and  two  samples 
(50  ml  each  -liquid  only)  will  be  taken  from  the  MEA  solution  in  the  drum,  through  the  ball 
valve.  These  samples  will  be  held  in  two  60-ml  glass  bottles.  The  drum  will  be  placed  in  an 
upright  position  during  the  hold  p -riod.  NOTE  — The  ball  valve  will  be  opened  slowly  in  case 
of  gauge  failure. 


(3)  These  two  samples  will  be  sealed  with  PARAFILM,  placed  inside  a 5-1/2  pint  tin  can 
filled  with  vermiculite,  and  this  can  will  also  be  sealed  with  PARAFILM. 

(4)  At  1000  hours,  the  samples  will  be  transferred  by  Technical  Escort  Center  personnel 
to  building  E3330,  room  299,  for  analysis  of  HS  present. 
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(5)  nu'  drum  will  b'.’  allowed  to  sit  upright  lor  5 hours  (between  0930  and  1430i  and 
then  will  be  placed  on  the  drum  roller  and  rolled  for  1 hour  (1430  to  1530).  Tlie  drum  will 
be  placed  upright  and  remain  stationary  until  the  following  workday  morning. 

(c)  When  analytical  results  indicate  that  the  amount  of  US  present  in  the  MLA  solution 
IS  5 ppm  or  less,  the  dail\  routine  of  tests  will  be  stopped.  The  drum  will  be  rolled  for  1 hour 
to  allow  complete  mixing  prior  to  sampling.  Three  samples  will  be  drawn  according  to  the 
procedures  described  below: 

(1)  ()nl\  1 gallon  of  the  MtA  solution  will  be  collected  in  a glass  container.  This  sample 
will  he  drawn  as  deseribed  in  4.b(2).  The  container  will  be  sealed  with  PARAHLM,  placed  in 

:i  5-gallon  pail  with  vermiculite  and  the  lid  on  the  pail  crimped  shut  and  sealed.  This  sample 
will  he  translerred  via  Technical  Escort  Center  to  Biomedical  Laboratory,  Environmental 
lo\icolog\  Branch,  building  E3266  for  analysis. 

(2)  Another  1 -gallon  sample  will  be  collected  into  a wide-mouthed  jar.  This  sample 

will  be  drawn  as  described  in  4. (b)(2).  This  sample  will  include  charcoal  which  will  then  be  placed 
into  the  ball  mill  located  in  Lab  II.  The  charcoal  will  be  ground  in  the  mill  until  a particle 
si/e  range  of  2 to  5 microns  is  attained.  (This  size  range  will  be  determined  by  drawing  off  a 
small  sample  of  the  milled  material,  and  transferring  the  sample  via  Technieal  Escort  Center  to 
building  E3330,  room  299,  for  microscopic’  analysis.  More  than  one  sample  may  have  to  be 
taken  and  analyzed,) 

(3)  The  drum  will  then  be  placed  in  the  upright  position,  the  bung  will  be  removed,  and  a 
core  sample  of  the  charcoal  will  be  drawn  off  after  setting,  using  the  core  sampler.  This  sample 

will  be  placed  in  a suitable  glass  bottle,  the  bottle  will  be  sealed,  placed  in  a tin  can  with  vermiculite, 
which  is  also  sealed,  and  transferred  via  Technieal  Escort  Center  to  building  E3330,  room  299. 

5.  Hazards  Involved  in  the  Operation. 


NOTE:  In  the  event  any  personnel  are  accidently  exposed,  call  Toxic  Exposure  Aid 
Station  (TEAS)  on  extension  2008  or  17.  First-aid  treatment  will  then  be  initiated  and  the 
spill  will  be  decontaminated  as  follows: 

a.  HS,  HN-1,  and  HN-3  Mustard  and  Nitrogen  Mustards. 

A blister  agent  highly  irritant  to  eyes,  skin,  and  lungs;  the  material  causes  severe  burns. 
Material  spilled  in  the  area  will  be  decontaminated  immediately  with  HTH  solution  followed  by 
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Saletx  I quipinent. 


1 1 1 “Hie  operations  will  be  eondueted  in  Lab  II  whieh  is  loealeil  i'li  the  llrst  tli'.'i  >!  hi.ild"- 
IN'-''  I Ills  lahora tore  is  ventilated  b\  a 5.(t0o  u'  rniu  esnaiisi  i.m  wnu  h draws  ih,.  !'■’  a ’' 
a s hareoal  l ilti'i  (('23  R I ). 

(2)  .An  M12  kilter  eanister  will  be  fitted  to  the  nipple  extension  ol  the  b.ili  '.abe  im  ilu 
i ^-L’allon  drum.  This  hall  \alve  will  be  open  at  all  times  when  the  drum  is  in  the  upnphi  pi'sio.' 
serving  as  a venl, 

(3  I I.ah  II  IS  em'ipped  with  a water  shower,  a waiter  hose,  a e.iiisi K hi'se  .ind.itl"  'i  d’ 
whieh  i'lnpties  into  ,i  loxie  sump.  A pan  of  IITII  si'Iulion  will  lu-  pianided  toi  waslnne  tv ' is 
gloves,  ete..  whieh  max  become  eirjitaminated.  A ‘'-gallon  eontainer  ol  Mb, A will  als«'  hi  ,i\ ,>ii,it  !, 
to  deeimtammati-  any  PS  spills. 

<4 1 During  operations  all  personnel  will  be  dressed  in  level  ,A  protextive  clothing  is  li'ne 
uiuh  rwear,  M3  impermeable  suit  and  boots,  hooded  pn'tective  Held  mask.  M4  hutx  I luhhi'i 
gloves  with  impregnated  glove  liners,  and  impregnated  socks. 

(5)  A ditterential  pressure  gauge  will  indicate  satisfaetorx  operation  of  Dih  II  \v  ntilation 

system. 

(6)  A (’Os  tire  extinguisher  is  on  hand. 

(7)  All  electrical  motors  and  wiring  in  Lab  II  are  class  1 . division  2.  Ciroups  B and  I),  and 
are  grounded. 
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(H)  TclcpluMK'.  intercom,  and  emergency  siren  lacilities  are  provided. 

(‘M  An  ambiilance  can  he  sm.  moned  by  calling  e.xtensio.i  2008  or  17.  This  ambulance  will 
transport  an\  casualtc  to  Toxic  I.xposure  Aid  Station  for  treatment  alter  decontamination 
oper.itions  arc  completcrl. 

b.  Salety  Procedures. 

( 1 ) All  personnel  involved  in  the  test  operations,  the  decontamination  of  equipment  used, 
and  anyone  required  to  enter  the  “V”  room  of  Lab  11  where  these  operations  are  being  conducted 
will  wear  level  .A  protective  clothing  as  described  in  paragraph  6a(3)  above.  Authorization  tor 
entrance  to  this  room  will  be  granted  only  by  the  Chief,  Pilot  Plant  Section  or  the  engineer  in  charge 
of  the  test.  This  authori/ation  will  be  granted  only  to  those  personnel  previously  cleared  by  the 
Civilian  I inplo\  ees’  Health  Clinic  tor  working  m level  A clothing. 

(2 ) Prior  to  entering  into  the  operating  room  of  Lab  11,  the  engineer  in  charge  will ; 

(а)  1 nsure  that  each  man  is  properly  clothed  in  level  A protective  clothing.  Masks  will  be 
tested  with  amyl  acetate  (banana  oil ) to  ensure  proper  fit,  gloves,  suits  and  boots  will  be  tested  for 
leaks,  and  insiu'c'ed  for  tears,  holes,  etc. 

(h)  Have  suitable  level  B protective  clothing  avilable  ter  assist  if  emergency  action  is  required. 

(.^ ) Before  leaving  the  operating  room  of  Lab  11,  the  operators  will  shower  with  the 
decontamination  shower  and  will  wash  their  gloves  with  5"  llTIl  solution,  water.  LMA,  and  water, 
in  that  sequence.  This  is  to  prevent  accidental  contamination  of  any  other  area. 

(4)  Any  contaminated  clothing,  equipment,  or  floors  will  be  thoroughly  washed  with 

SC  HTM  solution.  Hushed  with  water,  washed  with  MEA,  and  flushed  with  water.  Tire  clothing 
w hich  has  been  decontaminated  in  the  above  manner  will  be  placed  in  a plastic  bag  which  will  be 
tied  shut  and  then  placed  inside  a sealed  drum  for  later  disposal  by  Technical  Escort  Center 
personnel. 

(5)  Should  a fire  occur,  it  will  immediately  be  extinguished  using  the  COs  fire  extinguisher. 

(б)  Should  the  ventilation  system  fail,  personnel  in  Lab  11  (non-toxic  area)  w^ill  don  masks 
immediately.  If  ventilation  cannot  be  restored  and  the  engineer  in  charge  determines  that  a 
hazardous  condition  exists,  all  personnel  in  the  building  will  be  alerted  by  siren,  and  the  general 
emergency  procedures  (appendix  A)  put  into  effect. 

(7)  Toxic  Exposure  Aid  Station  personnel  will  be  notified  by  telephone  extension  2008  prior 
to  comnifncing  any  operations  with  agent,  and  after  these  operations  are  completed. 

(8)  For  first  aid  procedures,  see  appendix  A. 

(9)  If  pressure  rises  above  10  psi  and/or  the  temperature  rises  above  1 50°F,  the  drum  roller 
will  be  shut  off  and  the  drum  will  be  placed  upriglit.  The  valve  will  be  opened  slowly  and  the  drum 
will  be  allowed  to  vent  to  the  area  filters.  This  will  be  done  in  full  level  A clothing. 
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\m  NDIX  ( 


f I A/ AKIM  1 ASSII  K AIIONUI  MMl  klAlS 


( Ikmiuv .)!  I .ihnral' 


i h Auiriisl  ! 


DISPOSITIOK  FORM 


REFLRlNCfe  OR  OFHCE  SYMBOL 

SAREA-CL-TC 


SUBJECT 

Hazard  Classif icutioti  of  Materials 


TBOM  Dir  of  C(Til  Lab 


TO  Mfg  Tech  Dir 


Attn:  SAREA-MT-E/Mr.  Rosenberg 

1.  Reference  is  made  to: 


Mr.  Owens/ab/2129 

1 '■  AL'C 


a.  CSPCS  Work  Package-Item  Nonencl ature:  Ultimate  Disposal  (ULT),  Rroject/Task 

Number  6S-05 -01 /72801 2 . 2 1 , Work  Breakdown  Structure  Title:  MEA  Detox  Study-Navy  Se^s, 

Work  Package  Control  No.  6 -5  dated  24  May  1976. 

b.  Expenditure  Order  Assignment/Program  dated  10  June  19/6,  Tech  Project  728U1221 
PRON  A16156501R01E4,  Appropriation  No.  2162020,  Cost  Center  332,  Exp  Order  6S-05-KT, 
Program  Amount:  $4,000. 

2.  Toxicity  studies  as  devised  in  CFR  Title  49  ( ‘'1  74.343)  were  perfonried  to  detemnnc- 
the  hazard  classification  of  the  following  materials: 

a.  H,  L,  PS  decontaminated  with  MEA  (Sample  nuriber  DE50). 

b.  H,  L,  PS  Ball  Milled  (Sample  number  DE51). 

3.  The  results  of  the  prescribed  testing  of  the  kit  components  showed  none  o*  tne 
materials  meet  the  Class  B poison  criteria  as  defined  by  CFR  Title  49.  The  materials 
proved  to  be  less  toxic  than  the  standards  cited  in  the  regulation,  by  all  routes  of 
attnin i stration . The  hazard  classification  of  CORROSIVE  LIQU'D  would  be  more  appro- 
priate for  each  of  the  items. 


FOR  THE  DIRECTOR: 


//i  J('.  r.  ...■ 

B.P.  MCNAMARA,  Ph.D. 

Chief,  Toxicology  Division 


BEPIACES  DO  FOBM  «•,  EXISTING  SUPPLIES  OF  WHICH  Wia  SI 
■SUED  AND  USED  UWn.  t FEB  eS  UNtfSS  800NU  EXHAUSTEa 


AuKwai 


DA/f°e:’:2  2496 
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AIMM  NDIX  I) 


R1  SlDl'AL  MUS  I AKD  IN  MONOl  TllANOLAMlNh-TRl  ATI  D ( 11AR( OAL, 


M;inuracti.irin{;  Icdinolotiy  DirL’cfajratc 
I Deccmhcr  I97(> 


PurpoM.' 


I'o  lurtluM  L'siablisli  tlic  i.'n'iciciicy  of  the  monoetlianolaminc  (Ml. A)  system  lor  demillimi 
-\-sets  With  aeent  on  eliareoal.  atiother  test  was  made.  Ihe  objective  was  to  iletermine  the  amount 
ol  residual  apent  left  on  eliareoal  after  extensive  MI  A treatment, 

Appro-ich. 


•Add  mustard  to  activated  charcoal,  react  the  impregnated  charcoal  with  MI  A.  and  then 
^ample  the  mixture  to  lietermine  the  residual  mustard  with  respect  to  time.  The  results  would 
indicate  the  presence  ol  mustard  in  parts  per  million  over  a period  of  time 

IVocediire. 


It  was  necessarv  to  prepare  a fresh  laboratory  sample  ot  mustard  (HD)  and  charcoal  for 
the  test  because  no  "X"  sets  were  available  at  lidgewood  Arsenal.  The  sample  consisted  ol 

0.2.S  liters  of  HI)  added  to  O.d  liters  of  activated  charcoal  ( 1 2-.^0  mesh ) m a glass  jar.  I he  sample 
was  capped  and  stirred  to  insure  that  the  mustard  harl  time  to  become  adsorbed;  it  was  kept  at 
room  temperature  for  more  than  60  tiays.  The  mustartl-impregnated  charcoal  was  then  added  to  a 
22-liter  drum  containing  I 1.,‘v  liters  of  MliA.  The  drum  was  stored  at  room  temperature  and  rolled 
1 li  nir  per  day.  .“s  days  a week,  for  a 30-vlay  period.  The  HI)  and  MhA  ratio  was  adjusted  to  the 
ratio  planned  for  the  vlemilitari/ation  of  X sets  at  Johnston  Island.  Fifty  liter  samples  ot  .Mli.A  ,md 
charcoal  were  then  removed  periodically  and  analyzed  for  the  presence  ot  mustard.  Sample  analysis 
began  upon  receipt  ol  the  samples. 

Three  types  ol  analyses  were  made: 

1.  The  Ml. A solutions  were  diluted  with  aqueous  NaCI  and  extracted  with  1 part  hex.me 
to  10  parts  of  solution  to  concentrate  t ie  mustard  by  a factor  of  10.  The  hexane  was  analy  zed  by 
gas  chromatograph  (CiC)  by  comparison  with  standard  solutions  of  HD  in  hexane. 

2.  The  charcoal  samples  were  analyzed  by  taking,  30  to  35  grams  of  the  MFA-saturated 
charcoal  and  washing  it  with  30  m!  of  chloroform  (CHCl-^).  Tlie  CHCl:^  was  drained  and  analyzed 
by  (if.  Two  more  f HC'lj  washes  were  performed  and  analyzed  in  the  same  manner  for  mustard. 

The  mustard  reported  from  each  wash  was  added  to  yield  the  CHCT-^  extraction  analy  sis. 

3.  A portion  of  the  CHCl3-extracted  charcoal  was  tl'en  placed  under  vacuum,  and  any 
distillate  was  collected  in  a liquid  nitrogen  trap.  The  charcoal  was  tuen  heated  to  180°C.  still 
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o>lloi.  tmg  tin.'  ilistillato  in  tlic  trap.  I lie  ilistillatc.  approximately  1 to  2 ml  of  CHC'l^,  was  removed 
from  tlie  vaeiium  line  and  analyzed  by  (iC.  The  results  of  tlic.se  analyses  are  ta:  ulated  below.  A 
report  of  zero  ppm  indicates  that  the  mustard  concentration  was  less  than  the  limits  of  detection, 
l or  the  MI- A solutions,  tlie  limit  is  0.1  ppm,  while  the  limit  for  the  C'HCl^  solutions  is  1 ppm. 

Samples  were  analyzed  on  a Hewlett  Packard  Model  5830  recording  gas  chromatograpli. 
riie  stainless  steel  column,  b foot  by  1/8  inch,  was  packed  with  \07^  UrWQ82  on  80/100  mesh 
( liromosorli  WHP.  The  temperatures  were:  ('olumn  - 160°C,  injector-  250°C.  and  detector-  300°C. 
Helium  was  used  as  a carrier  gas  at  a How  of  30  ml/min  for  the  flame  ionization  detector. 

Kesults. 


Tile  results  ol  he  analysis  are  shown  in  the  following  table: 
Table.  HD  Recovered  from  Charcoal 


Time  of  sample 
after  start  of 
test 

HD  111  mi: A 

solution 

HD  recovered  from 
CHCI3  extraction 
of  charcoal 

HD  recovered 
from  charcoal 
by  vacuum  distillation 

days 

ppm 

ppm 

ppm 

5 

0 

- 

- 

8 

0.3 

- 

- 

9 

3 

0 

15 

0 

- 

18 

- 

0 

0 

19 

0 

- 

- 

23 

- 

0 

0 

31 

0 

2 

3 

67 

- 

0 

0 

Discussion. 

The  results  show  that  mustard  was  present  in  the  charcoal  10  days  after  the  start  of  the 
test;  but  no  mustard  could  be  detected  in  the  charcoal  on  the  18th  and  23rd  days.  Then,  on  the 
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3tst  day.  nuistard  was  prcsoiU  in  the  charcoal.  On  the  67th  day.  the  analysis  was  repeated,  but  no 
mustard  was  recorded  in  the  charcoal.  Based  on  the  above  and  earlier  tests,  it  can  be  concluded  that 
mustard  can  be  eltectively  removed  Irom  charcoal  when  using  MI’A  as  the  decontaminating  solution 
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AI*PI  NOIX  1 


I'ROPOSI  I)  I ULL-S(  ALi;  PROC’PDURl. 


Muiuilactiirint;  Technology  Directorate 
1 iX-cember  l‘)7b 

l\ing  the  pilot  stiuly  as  the  model  lor  the  “on-site”  demihtari/.ation  system,  a 
demililari/ation  procedure  using  scaleil-up  etiuipment  was  developed,  Tlie  ligure  shows  a detailed 
priicedure  lor  handling  and  detoxing  the  K‘)58/“X”  sets.  The  procedure  iitili/.es  a section  ot  the 
I dgewood  .Arsenal  chemical  neutrali/ation  system  for  disassembling,  storing,  and  demilling  agent 
The  disassembly  area  is  used  for  dumping  the  agent-impregnated  charcoal  from  the  set  bottles  into 
a staiulard  5.‘i-gallon  drum.  After  the  agent  is  added  to  monoethanolamine  (MhA),  the  drum  is 
reimned  aiul  bunged  with  a filter  assembly  and  with  a temperature-pressure  probe.  The  drum 
containing  agent  and  the  drum  containing  dunnage  are  then  moved  f rom  the  reactor  site  to  be 
rolled  daily  (28  days  maximum)  to  insure  that  the  contents  (basically  charcoal)  are  thorougliK 
mixed  and  reoriented  in  the  liquid  detoxification  solution. 

1 he  components  designed  specifically  for  handling  the  X-sets  are  as  tollows; 

1 . The  filter  is  for  the  55-gallon  drum  containing  the  agent  and  MI'A.  The  filter  is  an 
M I 1 and  it  acts  on  an  agent  scrubber  if  the  vapor  pressure  within  the  drum  exceeds  the  sensitivity 
of  the  diaphragm  valve.  The  diaphragm  valve  will  contain  the  ambient  (65°  to  100°F)  vapor 
pressure  of  Mf:A  within  the  ilrutn  (hereby  preventing  premature  saturation  of  the  filter.  The  globe 
valve,  assembled  to  the  stem,  closes  the  stem  to  the  filter  when  the  drum  is  about  to  be  placed 
hori/ontally  on  the  drum  roller. 

2.  The  feed  funnel,  fabricated  from  polyethylene,  is  a commercial  item  having  a 
2-inch-diameter  spout.  The  funnel  assists  the  operator  while  he  pours  agent-impregnated  charaxil 
into  the  55-gallon  drum. 

3.  Drum  top  seal,  a 50-60  drumonieter  1 -inch-diameter  rubber  disc,  is  placed  on  top  of 
the  55-gallon  drum  during  agent  transfer.  The  seal  provides  an  airtight  interlace  between  reactor 
drum  and  glove  box. 

4.  Temperature  and  pressure  probe  assembly  is  threaded  to  the  large  bung  hole  of  the 
agent  and  MLA  drum.  The  gauges  read  the  condition  of  the  MEA  solution  when  the  reactor  ilrum 
is  in  a horizontal  position  on  the  drum  roller. 

5.  Pliers  are  used  for  manually  removing  the  wax/cheesecloth  bottle  seal  and  cap  from 
the  bottles  containing  agent-contaminated  charcoal. 


A list  of  the  equipment  necessary  for  the  demilitarization  of  the  X and  K955  sets  at 
F Field  is  as  follows  : 


a.  Lz^vel  D clothing  and  gas  mask 
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b.  l iltereil  glove  box  and  set  storage  area 

e.  Disassembly  tools 

d.  Drum  fork  lift 

e.  Drum  roller 

f.  55-Gallon  drum  (5  each) 

g.  140  Gallons  of  MEA 

h.  Record  sheet 

i.  Sampler  dipper 

j-  Process  timer 

k.  Assorted  wrenches 

l.  Drum  pump  with  metering  valve 

m.  Drum  heater 

n.  Balance  scale  0 to  500  gm  (min) 

o.  Corrosive  liquid  and  labels 

It  is  required  that  MEA  drum  temperatures  be  maintained  in  the  range  of  65°  to  100°F 
throughout  the  demilitarization  process.  Drum  band  heaters  are  utilized  to  prevent  the  MEA  from 
solidifying  when  ambient  temperatures  drop  below  the  freezing  temperature  of  MEA  (57°F). 

If  while  rolling,  the  drum  temperatures  and/or  pressures  approach  1 25° F and  5 psig, 
respectively,  stop  rolling,  stand  the  drum  upright,  and  slowly  open  the  filter  valve.  Replace  the 
M 1 1 filter  after  pressure  and/or  temperature  have  returned  to  ambient. 

Weigh  the  Ml  1 filter  once  every  2 days  and  replace  it  when  its  “as  used”  weight  exceeds 
its  original  weight  by  25  grams. 

Maintain  records  of  what  is  added  to  each  drum.  Drums  are  to  be  coded  for  cross 
reference  with  written  records. 

This  procedure  requires  the  proper  field  testing  before  it  is  implemented. 


Appendix  E 
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